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1.0 SUMMARY 
The airborne systems t h a t  are proposed f o r  a l loca t ion  
* 
i n  the 1535-1660 MHz band were determined and t h e i r  
ex terna l  cha rac t e r i s t i c s  w e r e  i den t i f i ed  as completely 
as possible .  Poten t ia l ly  in t e r f e r ing  s i tua t ions  were 
determined. The s i tua t ions  which l en t  themselves t o  
reasonable analysis  w e r e  analyzed f o r  the dis tance sep- 
a ra t ions  required between antennas. Where pa r t i cu la r  
cha rac t e r i s t i c s  were not specif ied,  such as antenna 
d i r e c t i v i t y  and pat terns ,  assumptions were made i n  an 
e f f o r t  t o  avoid e i t h e r  overly pessimist ic  or  overly 
opt imis t ic  r e s u l t s .  The general  conclusion from t h i s  
study i s  t h a t  f o r  the proposed frequency a l loca t ions ,  the 
systems would operate compatibly aboard a r e l a t i v e l y  
large a i r c r a f t  where the required dis tance separat ions 
could be m e t .  
-he IRR a l loca t ions  are:  1535-1540 SPACE (Telemetering) 
1540-1660 AERONAUTICAL RADIO- 
NAVIGATION 
The FCC a l locat ions are: 1535-1540 SPACE (Telemetering) 
1540-1660 GOVERNMENT AND NON- 
GOVERNMENT AERONAUTICAL 
RADIONAVIGATION 
I I T  R E S E A R C H  I N S T I T U T E  
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2.0 ANTENNA PLACEMENT R E C W D A T I O N S  
Of the fourteen interference s i tua t ions  considered, 
only three  resu l ted  i n  required dis tance separat ions of 
one foot  or  g rea t e r .  F i r s t ,  the  dis tance between the 
ATC and the CAS antennas should be a t  least 30 f e e t .  
Second, the dis tance between the ATC and Radar A l t i m e t e r  
antennas should be a t  least 6.5 feet .  This i s  no problem, 
however, s ince the antennas are on opposite surfaces  of 
the fuselage.  Third, the dis tance between the CAS and 
the Radar A l t i m e t e r  antennas must be a t  least one foot .  
Since the expected separat ion among the  various 
antennas exceed the above f igures  f o r  a i r c r a f t  such as 
the SST and most other  smaller commercial a i r c r a f t ,  the  
overa l l  conclusion i s  t h a t  the various systems with the 
given frequency a l loca t ions  would operate compatibly 
aboard the s a m e  a i r c r a f t .  For smaller a i r c r a f t  where the 
30 foot  separat ion between CAS and ATC antennas i s  
d i f f i c u l t  t o  achieve, addi t iona l  discr iminat ion against  
the CAS s igna l  would probably be required.  
I l T  R E S E A R C H  I N S T I T U T E  
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3.0 INTRODUCTION 
Although t h i s  study has general  a p p l i c a b i l i t y  t o  the 
electromagnetic compatibi l i ty  problems of aerospace 
systems, it i s  spec i f i ca l ly  presented as an analysis  of 
the interference problem faced by proposed systems i n  the 
1535-1660 MHz band on-board the supersonic t ransport  (SST) 
and other fu ture  high-speed a i r c r a f t .  The sub-al locat ion 
plan proposed by the Federal  Aviation Administration is  
shown i n  Figure 1 with two addi t iona l  proposed frequencies 
f o r  the Satel l i te  A i r  T ra f f i c  Control System (ATC). 
systems t h a t  necess i ta te  interference analysis  are the ATC, 
the  Coll is ion Avoidance System (CAS), the  Glide Slope and 
the Radar A l t i m e t e r s .  Due t o  the l imi ta t ions  of t h i s  
study the interference s i tua t ions  analyzed w i l l  be l imited 
t o  those portrayed on Figures 2 and 3 .  
The 
The bas is  f o r  the po ten t i a l  interference s i tua t ions  
i s  the suscep t ib i l i t y  of the airborne ATC, CAS and Glide 
Slope receivers  t o  emissions from t h e i r  counterpart  t rans-  
mitters. Transmitters are located; 1) on the sa te l l i t e  
f o r  the ATC system, 2) both on the tes t  a i r c r a f t  (cosi te)  
and on other a i r c r a f t  f o r  the CAS, 3) on the ground f o r  
the Glide Slope system, and 4 )  both on the tes t  a i r c r a f t  
(cosi te)  and on other  aircraft  f o r  the radar Altimeters. 
Figure 3 is  a matrix depict ing the various interference 
s i tua t ions  ; the  vict im receivers  versus the possibly 
I l l  R E S E A R C H  I N S T I T U T E  
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FIGURE 1 
PROPOSED SUB ALLOCATION 1535-1660 MHz BAND 
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1535 - 1660 MHZ BAND 
(ARROW DENOTES DIRECTION 
OF TRANSMISSION) 
NAVIGATION 
AIRPORT GROUND STATION 
FIGURE 2 
EQUIPMENTS POSSIBLY IWERFERING WITH SATELLITE ATC SYSTEM 
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INTERFERENCE SITUATIONS ANALYZED 
RADAR 
ALTIMETER 
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interfering transmitters. 
refer to the interference situations studied under 
"Analysis of Interference Situations". Interference 
effects were not analyzed for the Radar Altimeter receivers 
due to a lack of information describing their characteristics. 
The nunibers within the matrix 
I I T  R E S E A R C H  I N S T I T U T E  
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4.0 SYSTEM DESCRIPTIONS 
The antennas f o r  the various systems are assumed t o  
be as shown i n  Figure 4. 
the CAS t o  provide sa t i s f ac to ry  spher ica l  coverage. 
i s  located atop the fuselage of the a i r c r a f t  and one on 
the underside. The ATC antenna must be placed on the 
upper port ion of the a i r c r a f t  fo r  bes t  recept ion from 
the s a t e l l i t e .  The Glide Slope receiver  and the Radar 
A l t i m e t e r s  are normally on the underside of the a i r c r a f t  
i n  the forward area. 
antennas on the a i r c r a f t  i s  a bas ic  parameter which must 
be determined i n  the interference ana lys i s .  
Two antennas are required f o r  
One 
The r e l a t i v e  separat ion of the 
The S a t e l l i t e  A i r  T ra f f i c  Control w i l l  t ransmit on 
two separate  frequencies:  Case A i s  1590.0 MHz and 
Case B i s  1542.0 MHz. This s igna l  i s  received on the 
a i r c r a f t  a f t e r  a 188.55 dB space loss derived from the 
equation: 
L = 37.8 + 20 log f + 20 log d 
Where L i s  i n  decibels ,  
and f i s  i n  megahertz, 
and d i s  i n  miles 
For Case A, the  receiver  u t i l i z e s  a phase-locked 
loop with three  t racking bandwidths: 1.0 kHz, 100 Hz and 
20 Hz (only the f i r s t  two are analyzed). I n  addi t ion,  
Case A assumes a coding sequence t h a t  increases  the s igna l  
I I T  R E S E A R C H  I N S T I T U T E  
8 
I I An: 
350 FT. -
FIGURE 4 
ASS- SST N4TBXtU IACATIONS 
9 
to interference ratio by 33 and 43 dB. 
bandwidth is 2.5 kHz and does not utilize the coding 
sequence. 
The single Case B 
The Collision Avoidance System recommended by the Air 
Transport Association has four frequencies as shown in 
Figure 5. 
by all aircraft. 
frequencies in succession to avoid garbling due to 
sirrmltaneous reception of messages transmitted by two 
different aircraft in adjacent time slots. The basic 
message format is presented in Figure 6, with the various 
pulses which must be analyzed to determine the worst inter- 
fering situations. 
The CAS message will be transmitted and received 
Transmission will be in each of the four 
The Glide Slope signal transmitted from the airport 
is essentially a CW signal and may be anywhere between 
1557.5 MHz and 1567.5 MHz. 
may not be in the 1535 to 1660 MHz band at all, if they 
are in the band they will most probably be in the 1622.5 
to 1637.5 portion. 
Although the Radar Altimeters 
I I T  R E S E A R C H  I N S T l T U f E  
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fl f 2  f 3  f4 
1592.5 1600.0 1605.0 1610.0 1615.0 1622.5 
ALLOCATED BAND 
I 
FIGURE 5 
POSSIBLE CAS FREQUENCIES 
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SYNC REPLY 
(DETAIL DRAWINGS BELOW) 
AIR/AIR 
SYNC REPLY 
FICUBE 6 
COLLISION AVOIDANCE SYSTEM MESSAGE FORMAT, BASIC SIGNAL 
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4 . 1  Analysis of Interference S i tua t ions  
1. Interference with the ATC Receiver by the CAS 
Transmitter on the Same Ai rc ra f t .  
This s i t u a t i o n  i s  considered t o  be the primary 
interference s i t u a t i o n .  Both the t ransmit t ing and re- 
ceiving antennas are low gain types affording l i t t l e  
separat ion due t o  d i r e c t i v i t y .  Also, there  are two CAS 
antennas (top and bottom), thus l imi t ing  the added 
e f f ec t ive  separat ion t h a t  can be gained by using the Euselage 
of the a i r c r a f t  as a sh ie ld .  
Figure 7 gives a b r i e f  descr ipt ion of the ATC 
sys t em cha rac t e r i s t i c s .  Case A refers t o  the transmission 
a t  1590 MHz while Case B r e f e r s  t o  the 1542 MHz transmission. 
I n  addi t ion t o  the two d i f f e ren t  frequencies,  under Case A 
two d i f f e ren t  bandwidths are considered, namely 1000 Hz 
and 100 Hz. Thus considering nominal and worst case 
conditions f o r  both the ATC and CAS, s i x  s i t ua t ions  are 
analyzed 
I n  determining the interference po ten t i a l  of the 
CAS9 the  CAS message format plays a major r o l e .  Since the 
ent i re  message i s  r e l a t i v e l y  short  (1500 psec) while the 
r epe t i t i on  rate f o r  the message is extremely low (3 sec) 
the in t e r f e r ing  power must be adjusted from the  l e v e l  ex- 
pected from a continuous interference source. This 
adjustment i s  derived i n  Appendix I. 
of the CAS interference analysis  with the l eve l  adjustment 
i s  shown i n  Figure 8 .  
The complete tabulat ion 
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Consider the analysis  f o r  the 1000 Hz band- 
width under Case A i n  the worst case s i t u a t i o n .  The 
power of each pulse (CAS t ransmit ter  power) is  specif ied 
as 65 dBm. Using the Mason and Zimmerman approximation, 
the s t rongest  power spec t r a l  densi ty  expected from the 
CAS a t  a frequency 10 MHz removed from i t s  center  f req-  
uency is  15 dBm/MHz. Using a 1 kHz bandwidth, the 
received power would be -15 dBm. With a -14 dB correct ion 
from Appendix I, the peak CAS power ava i lab le  t o  the ATC 
receiver  is  -29 dBm. By including an interference margin 
of -33 dB due t o  the coding of the ATC message, the l eve l  
of interference would be -62 dBm ( i f  the CAS t ransmit ter  
were connected d i r e c t l y  i n t o  the ATC receiver) .  
using a maximum allowable in t e r f e r ing  power of -131.25 dBm, 
the required loss due t o  the  separat ion of the antennas 
i s  69.25 dB . A t  frequencies near 1600 MHz t h i s  indicates  
a required f r e e  space separat ion of 130 f e e t  between two 
i so t ropic  antennas. 
Now 
However, ne i ther  the CAS t ransmit t ing antennas 
nor the  ATC receiving antenna i s  expected t o  be i so t ropic .  
I n  f a c t . t h e  CAS spec i f ica t ion  i s  f o r  uniform horizontal  
coverage from both the lower antenna and the upper antenna 
which would imply a v e r t i c a l  monopole or  dipole  type 
antenna. Meanwhile the ATC receiving antenna i s  expected 
t o  be a v e r t i c a l l y  directed s l o t ,  horn or  phased array.  
Although the  ATC antenna is  a low gain type, i t s  pa t te rn  
1 l T  R E S E A R C H  I N S T I T U T E  
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i n  the horizontal  d i rec t ion  i s  considerably reduced. 
Therefore, by noting the decrease i n  f i e l d  s t rength  a t  90" 
f o r  even a s ing le  dipole  reduct ion of 20 dB i n  the received 
power from the CAS. Therefore the required separat ion t o  
see no interference i n  the  ATC from the CAS may be s t a t e d  
as 13 f e e t .  
Certain s tud ies  have been made concerning the 
coupling between antennas on the surface of a cyl inder .  
However , these s tud ies  are r a the r  l imited i n  t h e i r  appl ica t ion  
t o  t h i s  problem due t o  the d i r e c t i v i t y  of the antennas in-  
volved. As a more or less gross check of the above r e s u l t s ,  
by applying the same 20 dB correct ion and enter ing Figure 9 
a t  49 dB on the Y=Oo curve, a required separat ion of 25 f e e t  
i s  obtained. For the case when the CAS i s  t ransmit t ing from 
the antenna mounted on the lower s ide  of the aircraft, Figure 
9 indicates  t h a t  with e i t h e r  Y=135O or  Y = 1 8 O o ,  a coupling 
loss  greater  than 69.25 dJ3 i s  obtained regardless  of the 
longi tudinal  spacing between antennas. This therefore  implies 
t h a t  there  would be no interference.  
Surveying the bottom two rows of Figure 8, 
the conclusion then is:  
the upper CAS antenna a t  a separat ion of approximately 
t h i r t y  f e e t  only one interference s i t u a t i o n  would r e s u l t .  
This would be the worst case considerat ion f o r  the ATC 
recept ion a t  1542 MHz. For the nominal values of CAS 
t ransmit ter  power, pulse widths, and rise and f a l l  t i m e s ,  
in terference i s  not expected. Furthermore, where the 
By placing the ATC antenna and 
1 1 1  R E S E A R C H  I N S T I T U T E  
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in te r fe rence  i s  expected, i t s  e f f e c t  would be minimal due 
t o  the short  durat ion of the CAS message. To determine 
an estimate of the amount of information which would be 
l o s t ,  an in-depth invest igat ion of the ATC receiver  and 
da ta  format would be reqdired.  
For the interference t o  be catastrophic ,  the 
t racking of the phase lock loop would have t o  be a f fec ted .  
Measurements have shown t h a t  pulse s igna ls  a t  a duty cycle  
of 0.01 (much grea te r  than the CAS duty cycle) would have 
t o  be on the order of 40 dB above a locked-on c a r r i e r  t o  
steal the loop lock. I n  none of the s i t ua t ions  shown 
would the interference be a t  tha t  l eve l .  
2 .  Interference with the ATC Receiver by the CAS 
Transmitter on Another A i rc ra f t .  
This s i t u a t i o n  i s  e s s e n t i a l l y  covered i n  the 
previous s i t u a t i o n .  Referring t o  Figure 8 once again, the 
second and t h i r d  rows from the bottom apply. Two a i r c r a f t  
each f ly ing  a l eve l  course would produce interference i f  
t h e i r  antennas (mounted on t h e i r  respect ive fuselages)  
were within 65 f e e t  of one another.  I f  the a i r c r a f t  were 
or iented such t h a t  the ATC antenna w a s  looking s t r a i g h t  
a t  the opposing CAS antenna, a separat ion of 650 f e e t  
would be required.  Since t h i s  would require  opposite r o l l  
maneuvers, t h i s  or ien ta t ion  would ce r t a in ly  not last very 
lang. Therefore no interference is  expected from the CAS 
on another a i r c r a f t .  
I I T  R E S E A R C H  I N S T I T U T E  
19 
3 .  Interference with the ATC Receiver by the 
Glide Slope Transmit ter .  
Since the Glide Slope s igna l  i s  e s s e n t i a l l y  a 
CW s igna l ,  the  Glide Slope t ransmit ter  has a very sharp 
output spectrum (see Figure 10) .  
interference with any sys t em operating more than 0.5 MHz 
away from the t ransmit t ing center  frequency unless  the 
receiver  had an exceptionally wide bandwidth. A s  shown i n  
Figure 1, there  i s  an adequate frequency separat ion.  
There should be no 
4 .  Interference with the ATC Receiver by the 
Radar A l t i m e t e r  on the  Same A i r c r a f t .  
Here the s a m e  s ix  interference s i tua t ions  are 
analyzed as were done previously under (1). That i s ,  
the nominal and worst case conditions fo r  the  ATC recept ion 
a re  assumed. Case A r e f e r s  t o  recept ion a t  1590 MHz 
where two d i f f e ren t  t racking bandwidths and coding margins 
are considered while Case B r e f e r s  t o  recept ion of 1542 MHz. 
The Radar A l t i m e t e r  i s  assumed t o  be operating a t  1622.5 MHz. 
Average power spectral densi ty  p lo t s  f o r  four  representat ive 
radar altimeters are shown i n  Figure 11. The average power 
spec t r a l  densi ty  is used here r a the r  than peak s ince the 
Radar A l t i m e t e r  pulse widths are a l l  much less than the 
reciprocal  of the ATC receiver  bandwidths. 
The interference analysis  is  presented i n  Figure 12 .  
The overa l l  worst s i t u a t i o n  r e s u l t s  i n  a required separat ion 
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FREQUENCY FROM CENTER - MHz 
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RADAR ALTIMETER AVERAGE POWER DENSITY SPECTRA 
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loss of 73.25 dB. 
a separat ion of 205 f e e t  is  required fo r  no interference.  
However, the d i r e c t i v i t y  and or ien ta t ion  of the antennas 
indicates  an addi t iona l  loss of 30 dB is a reasonable 
assumption, based on the combined antenna i s o l a t i o n  e f f e c t s .  
For f r e e  space with i so t rop ic  antennas, 
The Radar A l t i m e t e r  antenna i s  r e l a t i v e l y  high gain,  
posit ioned on the underside of the a i r c r a f t ,  while the 
ATC antenna i s  on the top s ide .  
a separat ion of 6.5 f e e t  would be adequate. 
diameter of 14 f e e t ,  no real r e s t r i c t i o n  of the posi t ioning 
of the antennas is indicated.  
I n  the worst case then, 
With an a i r c r a f t  
5 .  Interference with the ATC receiver  by a Radar 
A l t i m e t e r  on Another A i rc ra f t .  
I f  another a i r c r a f t  w e r e  above the t e s t  air- 
c r a f t  such t h a t  the ATC antenna w e r e  i n  the main lobe of 
the radar altimeter i n  question, interference could occur. 
Assuming approximately a 30 dB gain fo r  the radar altimeter 
antenna, the required antenna separat ion f o r  f r e e  space 
i so t ropic  antennas (see Figure 12) would increase by a 
f ac to r  of approximately 30.  
requi re ,  a separat ion greater  than one m i l e .  However, such an 
or ien ta t ion  between two a i r c r a f t  i s  not l i k e l y  t o  last f o r  
any subs t an t i a l  period of t i m e  even when f ly ing  i n  the s a m e  
general  d i rec t ion .  Therefore no interference i s  expected 
I n  the worst case t h i s  would 
i n  t h i s  s i t ua t ion .  
I I T  R E S E A R C H  I N S T I T U T E  
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6 .  Interference with the CAS Receiver by the ATC 
S a t e l l i t e  Transmitter.  
The spec i f ica t ion  f o r  the CAS hazard range f o r  
an approaching a i r c r a f t  i s  40 nau t i ca l  m i l e s  with a 10 dB 
fade margin and a synchronization range of 97 nau t i ca l  
m i l e s  with "some" fade margin. 
the f r e e  space loss is  143 dB. With a nominal t ransmit ted 
power of 59 dBm and assuming a 6 dB fade,  the received CAS 
s igna l  would be a t  a l eve l  of -90 dBm. Since the in t e r -  
fe r ing  ATC s igna l  i s  expected t o  be a t  a l eve l  of -122 dBm, 
no interference i s  expected. 
Using the 97 NM f igure ,  
7 .  Interference with the CAS Receiver by the Glide 
Slope Transmitter.  
This i s  the same  as (3) where the conclusion i s  
tha t  there  should be no interference with any system 
operating more than 0.5 MHz away from the t ransmit t ing 
center  frequency. 
8.  Interference with the CAS Receiver by the Radar 
A l t i m e t e r  on the Same Ai rc ra f t .  
Assuming t h a t  the Radar A l t i m e t e r  i s  operating 
a t  a frequency of 1622.5 MHz, the neares t  CAS frequency 
i s  a t  1615.0 MHz. The average output power densi ty  f o r  
the radar  altimeter is then 11 dBm/MHz. 
response spec i f ica t ion  f o r  the CAS, as indicated i n  the 
ATA repor t  (see bibliography),  indicates  t h a t  the CAS 
The spurious 
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s h a l l  be ab le  t o  operate i n  the presence of an in t e r f e r ing  
s igna l  a t  1622.5 MKz a t  a l e v e l  of -25 dBm. 
bandwidth were as wide as 1 MKz, the s igna l  a t  the Radar 
A l t i m e t e r  antenna would be 11 dBm. Thus a propagation loss 
of 36 dB would be required between the two antennas. This 
i s  equivalent t o  a f r e e  space separat ion of 3 f e e t  between 
two i so t rop ic  antennas. Considering t h a t  the d i r e c t i v i t y  
of the Radar A l t i m e t e r  antenna would mean less power a t  
the CAS antenna, no interference i s  expected f o r  separat ion 
grea te r  than 1 foo t .  
I f  the CAS 
9 .  Interference with the CAS Receiver by a Radar 
A l t i m e t e r  on Another A i rc ra f t  . 
I n  l i g h t  of the analysis  i n  (8) above and an 
addi t ive d i r e c t i v i t y  of 30 dB, an antenna separat ion of 
100 f e e t  would be adequate t o  avoid interference from 
the radar a l t imeter  on another a i r c r a f t .  
10. Interference with the Glide Slope Receiver by 
the ATC Satell i te Transmitter.  
A t  a dis tance of 10 m i l e s  from the Glide Slope 
t ransmit t ing antenna, the receiver  power is  approximately 
-52 dBm. Since the ATC s igna l  is  a t  a l e v e l  of -122 dBm, 
no interference i s  expected. 
I I T  R E S E A R C H  I N S T I T U T E  
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11 and 1 2 .  Interference with the Glide Slope 
Receiver by the CAS. 
A s  s t a t ed  above, the specif ied Glide Slope 
s igna l  power a t  the receiver  i s  -52 dBm. Also, the Glide 
Slope frequency i s  i n  the 1557.5 t o  1567.5 MHz band. 
With the nearest  CAS frequency a t  1600 MHz, the  peak CAS 
power densi ty  i s  -5 dBm/MHz. 
Slope receiver  bandwidth, the peak CAS power becomes 
-18 dBm. The separat ion loss  between the Glide Slope 
and CAS antennas must then be 34 dB f o r  no interference.  
For i so t rop ic  antennas t h i s  implies a separat ion of 
2 f e e t .  Considering tha t  the Glide Slope antenna w i l l  
have moderate d i r e c t i v i t y  looking forward a t  a s l i g h t  
downward tilt (looking away from the CAS antennas) no 
interference i s  expected from the c o s i t e  mounted antennas. 
Assuming a 50 kJ3z Glide 
For the CAS on another a i r c r a f t  t o  i n t e r f e r e  
with the  Glide Slope receiver ,  the other  a i r c r a f t  would 
have t o  be i n  f ron t  of the tes t  a i r c r a f t  a t  a dis tance 
less than 20 f e e t ;  another unl ikely s i t ua t ion .  
13 and 14. Interference with the Glide Slope 
Receiver by Radar A l t i m e t e r s .  
Here again the Glide Slope s igna l  power a t  the 
receiver  i s  taken as -52 dBm a t  a frequency of 1567.5 MHz. 
The center  frequency f o r  t he  Radar Altimeters i s  taken 
as 1622.5 MHz giving a frequency separat ion of 55 MHz. 
I I T  R E S E A R C H  I N S T I T U T E  
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I n  the worst case, AN/APN-110, the average power densi ty  
i s  -24 dBm/MHz. With a receiver  bandwidth of 50 WIz, 
the in t e r f e r ing  power is  -40 dBm. A coupling loss of 
12 dB i s  thus required between the Glide Slope antenna 
and the  Radar A l t i m e t e r  antenna. 
addi t iona l  antenna d i r e c t i v i t y  gains ,  ne i ther  the c o s i t e  
mounted Radar A l t i m e t e r  nor one on another a i r c r a f t  would 
i n t e r f e r e  with the Glide Slope receiver .  A one foot  
separat ion e a s i l y  f u l f i l l s  t h i s  cr i ter ia .  
Even considering 
I l l  R E S E A R C H  I N S T I T U T E  
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APPENDIX I 
Coll is ion Avoidance System Analysis Techniques 
A widely used technique f o r  interference analysis  
when the output spectrum from a t ransmit ter  i s  unknown 
i s  t o  approximate the expected spectrum by one of a 
va r i e ty  of techniques. Generally the worst (or widest) 
spectrum i s  found from the shor tes t  pulse i n  the output 
message. The l eve l  of the r e su l t i ng  power spec t r a l  
densi ty  i s  then found using the power l eve l  of the pulse .  
I n  the CAS message format shown i n  Figure 1-1, a 
var ie ty  of pulses e x i s t .  
Doppler pulse,  a 200 psec burs t  of biphase modulation 
which may contain the Epoch S t a r t  t r i p l e t ,  three pulses 
of nominally 1 .6  psec durat ion.  Then there  a re  the four 
4 . 0  vsec pulses containing the  a l t i t u d e  and heading 
information. F ina l ly  there  i s  the synch reply t r i p l e t ,  
again three pulses of 1 .6  psecs durat ion.  
F i r s t  there  i s  the Range/ 
Synch Reply Pulse 
A t  f i r s t  glance, the 1.6 psec synch reply pulse 
appears t o  produce the widest output spectrum. The 
ac tua l  pulse i s  shown i n  Figure 1-2 with the nominal 
and worst case s t r a i g h t  l i n e  approximations. The 
approximations w e r e  used so  t h a t  the Mason and Zimmerman 
envelope bounds could be drawn. 
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I- 1 
MODULATED 
ALR/AIB 
smc REPLY 
1-2 
T = DURATION = 1.6  + .2 uscc 
6 = RISE TIME = 0 . 3  4- 0.1 US 
DECAY TIME = 0 .3  2:; uses 
- 
-
DURATION --J 
ACTUAL PULSE 
I - DURATION NOMINAL : 
DURATION = 1 . 6  usec 
RISE TIME = 0 . 3  usec 
DECAY TIME = 0 . 3  usec 
Rise Time  D e c a y  T ime  
WORST : 
DURATION = 1.4 usec 
RISE TIME = 0.2  usec 
DECAY TIME = 0.2 usec 
APPROXIMATION PULSES 
FIGURE 1-2 
CAS SYNCH REPLY PULSE 
I l l  R E S E A R C H  I N S T I T U T E  
I- 3 
Stra ight  - Line Approximation -- of the  Power Density Spectrum 
-- f o r a Trapezoidal Pulse 
Mason-Zimmerman state t h a t  the  boundary of the 
frequency spectrum of a t rapezoidal  pulse i s  enclosed 
within the following envelope, Figure 1-3. 
I 
FIGURE 1-3 
MASON-ZIMNEWN BOUNDS 
It i s  indicated t h a t  Afl = Af2, Af3 = Af4 and t h a t  the 
various Af can be found by the  following formula: 
where : 
t is the pulse width measured along the  top of the pulse 
6 1  i s  the rise t i m e  of the pulse 
6 2  is the f a l l  t i m e  of the pulse 
I f  the rise t i m e  equals the f a l l  t i m e  and T is the half  
amplitude pulse width then: 
1 
and Af2 = i q  - 1 Afl - T r 7  
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I n  order t o  determine i f  any s ign i f i can t  difference 
ex is ted  between the Mason-Zimerman bound and the  exact 
spectrum fo r  a t rapezoidal  pulse,  the exact spectrum w a s  
calculated using the computer program shown i n  Figure 1-4. 
Although the r e su l t i ng  p lo t  (Figure 1-5) shows large 
nu l l s  occuring every 5 MHz, since the frequencies corres- 
pond t o  '/6, t h e i r  placement cannot be depended upon. 
The r e s u l t  i s  t h a t  the Mason-Zimerman bound (Figure 1-6) 
i s  indeed a worthwhile approximation t o  use.  
Range /Doppler Pulse 
Although the Range/Doppler pulse has a 200 psec 
width, the biphase modulation i s  such tha t  the phase 
could change every microsecond. 
pulse could look l i k e  a burs t  of 1 ysec pulses with 
nominally 0 . 4  ysec rise and f a l l  times. Therefore the 
Mason-Zimmerman approximation fo r  a 1 usec pulse with 
the f a s t e s t  specif ied r ise t i m e  (0.3 ysec) i s  presented 
i n  Figure 1 -7  f o r  comparison with Figure 1-6. A t  a de l ta -  
frequency of 10 MHz the  worst power s p e c t r a l  densi ty  of 
one synch reply pulse is  15 dBm/MHz while t h a t  of one 
pulse of biphase modulation i s  13 dBm/MHz; no s ign i f i can t  
Thus the Range/Doppler 
difference . 
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90 
100 
110 
120 
130 
140 
150 
160 
165 
17 0 
180 
190 
200 
2 10 
220 
230 
240 
250 
260 
270 
280 
290 
300 
3 10 
320 
330 
340 
350 
360 
400 
430 
440 
450 
460 
470 
480 
490 
500 
510 
600 
610 
620 
999 
P9 = 3.14159265 
'FOURIER FOR 3 TRAPEZOIDAL PULSES' 
'ENTER A l ,  A2, T1, T2, S l y  AND 52.  ' 
' ( T l ,  T2, S l y  AND S2 ARE I N  MICROSECONDS.)' 
INPUT A l ,  A2, T1, T2, S l y  S2 
PRINT 
'FMIN CANNOT BE ZERO. ' 
'ENTER FMIN, FMAX, AND DELTA-F , ' 
'WARNING -- CHOOSE CAREFULLY -- OUTPUT OF 50 PAGES I S  COMMON!' 
INPUT F7, F3, D 1  
PRINT 
PRINT 
F5 = F7 / D 1  
F4 = F3 / D 1  + 4 
FOR I = F5 TO F4 
F = I * D 1  
B 1  = P9 * F * T 1  
B2 = P9 * F * '132 
P1 = SIN(B1)  / B 1  
P2 = SIN(B2) / B2 
T9 = T8 * T 8  
T7 = 10 * LGT(T9) 
W 1  = 2 * P9 * F * S1 
W2 = 2 * P9 * F * 52 
W 3  = 2 * P9 * F * (Sl-S2) 
s 4  = 3 + 2 * 
P5 = T9 * S4 
P6 = 10 * LGT(P5) 
PRINT F, T7, P6 
IF F > F3 THEN 450 
NEXT I 
PRINT 
'DO YOU WANT TO TRY ANOTHER DATA SET ' ; 
INPUT AS 
IF AS = 'YES' THEN 600 
IF AS = 'NO' THEN 999 
'YES OR NO' ; 
GO TO 470 
PRINT 
PRINT 
GO TO 110 
END 
T 8  = A 1  * P1 * P1 - A2 * P2 * P2 
(COS(W1) + COS(W2) + COS(W3)) 
DATA 
CASE A 1  A2 T 1  T2 51 s 2  
WORST I 3.2 1.8 .8 .6 11.2 8.0 
NOMINAL 11 3.02 1.41 .95 .65 11.2 8.0 
I11 3.2 1.8 .8 .6 8 .O 9.0 
IV 3.02 1.41 .95 .65 8 .o 9.0 
V 3.0625 1.5625 .875 .625 11.2 8 .0  
FIGURE 1-4 
COMPUT,ER PROGRAM AND DATA 
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FREQUENCY FROM CENTER - MHZ 
-20 L 
-25 
I 
-30 L. 
-35 
-40 I-.. 
-45 i__  
I 
I 
I 
-50 
-55 1 
I 
L 
FIGURE 1-5 
WORST CASE: 
T - 1.4 psec. 
4 0.2 w e e .  
EXACT PWER DENSITY SPECTRUM OF ONE TRAPEZOIDAL PULSE - NORMALIZED 
1-7 
0 . 2  0.t 0.6  
FREQUENCY FROM CENTER 
40 60 
WORST CASE: 
T = 1.4 w e c .  
b = 0 . 2  usec. 
1.0 2 .o 4.0 6 . 0  10 20 
60 
50 
40 
30 
I I . .  I 1 I I I I , l  , , , , t  
- 10 
-20 
-30 
FIGURE 1-6 
NOMINAL CASE: 
T = 1.6 usec. 
b = 0.3 U s e C .  
APPROXIMATE POWER SPECTRAL DENSITY OF ONE SYNC REPLY PULSE 
1-8 
FREQUENCY FROM CENTER - MHZ 
20 
10 
0 
-20 
1 
0 
.o 
. 3  
sec. 
sec . 
FIGURE 1-7 
APPROXIMATE POWER SPECTRAL DENSITY OF ONE PULSE OF BI-PHASE MODULATION 
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Effect  - of Receiver Bandwidth 
When a pulse of shor t  durat ion is  passed through a 
low pass f i l t e r ,  the  output of the f i l t e r  i s  a r e l a t i v e l y  
long smear whose peak i s  determined by the pulse width 
and amplitude and the f i l t e r  time constant .  
t r a i n  is  considered instead of a s ingle  pulse,  the output 
voltage smear var ies  around a d-c l eve l  which is  equal 
t o  the d-c l eve l  of the input .  Generally f o r  narrow 
bandwidth receivers  with pulse type interference,  t h i s  
d-c l eve l  i s  used f o r  the in t e r f e r ing  power l eve l .  The 
Coll is ion Avoidance System, however, has such a long 
t i m e  between burs t s  t h a t  the d-c l eve l  would be meaning- 
less. 
I f  a pulse 
Consider the CAS message format again i n  Figure 1-8. 
I f  the f i l t e r  t i m e  constant T i s  much less than the 
r e p e t i t i o n  period of no l e s s  than 3 seconds, then the 
output wave w i l l  begin from zero when the Range/Doppler 
pulse begins.  The equation f o r  Vo i s  then 
t Vo = E(l-e-;F) -L E .& f o r  t < < T  
T 
Figure 1-9 summarizes the peak values f o r  Vo f o r  the 
three  ATC bandwidths considered i n  the body of t h i s  
repor t .  The last  column of Figure 1-9 i s  the correct ion 
applied t o  the peak power densi ty .  
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Input Output 
' 200 usec 4 usec pulses 
BiPhase Modulated Altitude, Heading 
Range/Doppler Information 
1.6 usec pulses 
Synch Reply 
1 vo 
Input Wave (Not to  scale) 
v* 
Output Wave (Not to  scale) 
FIGURE 1-8 
CAS SIGNAL THROUGH A LOW-PASS FILTER 
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I- 11 
peak V eak 20 log E” Bandwidth (HZ) T b s e c )  t h s e c )  T E 
2500 400 200 112 -6  
1000 1000 200 115 - 14 
100 10000 200 1/50 -34 
FIGURE 1-9 
PEAK VALUES OF FILTERED CAS MESSAGE 
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